INTRODUCTION
============

Since the introduction of laparoscopic donor nephrectomy in 1995 by Ratner et al.,[@b1-15-cs-0186] the procedure has gained in popularity because of the high graft quality and the inherent advantages of laparoscopic surgery (e.g., decreased postoperative pain, decreased length of hospital stay, early recovery and return to work, and better cosmetic results).[@b2-15-cs-0186]--[@b5-15-cs-0186] In addition, some centers have observed increases in the number of donations and have attributed these increases to the use of less invasive surgical procedures that are more acceptable to donors.

In 1998, hand-assisted laparoscopic nephrectomy was introduced that combined the laparoscopic technique with quicker and safer organ retrieval offered by the open access.[@b6-15-cs-0186] By using the hand, complete mobilization of the colon is facilitated and the kidney and the aorta are easily exposed. In addition, tissue planes are more easily defined using the intraperitoneal hand for retraction.[@b7-15-cs-0186] The surgical time is comparable with open nephrectomy and tends to decrease with a surgeon's learning curve. It can be safely performed without harm to the donor and without affecting the graft function.[@b8-15-cs-0186]--[@b10-15-cs-0186] This technique was perceived by most laparoscopic surgeons as easier to learn and more rapid to perform. However, some laparoscopic urologists considered it to be a learning step towards full laparoscopy.[@b11-15-cs-0186]

In experienced hands, both the pure and hand-assisted laparoscopic surgeries were considered safe and resulted in kidneys that functioned identically to those obtained following open nephrectomies.[@b6-15-cs-0186],[@b7-15-cs-0186],[@b12-15-cs-0186],[@b13-15-cs-0186] Comparisons between these two techniques have not demonstrated any statistically significant differences in analgesic requirements, hospital stays, or allograft function. Significantly shorter operation and warm ischemia times have been demonstrated in the hand-assisted laparoscopic groups compared with the standard laparoscopic groups.[@b4-15-cs-0186],[@b14-15-cs-0186],[@b15-15-cs-0186]

The aim of the present study was to compare the hand-assisted (HALDN) with the pure laparoscopic (PLLDN) technique in laparoscopic donor nephrectomies with respect to intra-operative and post-operative donor outcomes.

METHODS
=======

We retrospectively examined the records of all patients submitted to pure laparoscopic or hand-assisted live donor nephrectomies at the Cruz Vermelha Hospital of Curitiba and the Pró-Rim Foundation of Joinville, between May 2002 and December 2007.

All potential donors had extensive medical, immunologic and psychological evaluations to confirm his/her suitability. The exams requested to delineate the anatomy of the kidney vasculature preoperatively were those usually performed for conventional renal donors, including digital angiography and intravenous pyelogram. The donor selection criteria for laparoscopic donor nephrectomy were identical to the standard criteria for open donor nephrectomy. For all donors, the left kidney was preferred because of the longer left renal vein. However, for a donor whose renal vascular anatomy was more favorable in the right kidney, the right kidney was selected. Similarly, for a donor whose right kidney was affected by a medical condition, the right kidney was also selected because we abided by the basic tenet that in choosing a donor's kidney for removal, the better kidney should remain in situ.[@b10-15-cs-0186] All procedures were performed by the same urologist, who had experience in advanced laparoscopic surgery and no experience in open nephrectomy.

The operation data and post-operative courses were reviewed. Information on donor age, sex, and previous medical history were collected. The surgical data that was collected included operative time, warm ischemia time, estimated blood loss and intra-operative complications. Operative time was defined as the time from the initial skin incision to the final skin suture.[@b16-15-cs-0186] Warm ischemia time was defined as the time elapsed from the application of haemostatic clips to the renal artery to the perfusion of the kidney with cold preservation fluid[@b17-15-cs-0186]. The post-operative variables included the time to first oral intake, the length of hospital stay, and post-operative complications.

All patients received a light mechanical bowel preparation 12 h before surgery and a single dose of cefazolin after anesthesic induction.

Procedures were performed using our previously described techniques:

1.  Hand-assisted live donor nephrectomy,[@b10-15-cs-0186] using the Lapdisc (Ethicon EndoSurgery Inc., USA) ([Figure 1](#f1-15-cs-0186){ref-type="fig"}) or the Omniport (Advanced Surgical Concepts Ltd., Dublin, Ireland).

2.  Pure laparoscopic live donor nephrectomy[@b12-15-cs-0186] ([Figure 2](#f2-15-cs-0186){ref-type="fig"}).

When necessary, maximization of the length of the right renal vein[@b9-15-cs-0186] ([Figures 3](#f3-15-cs-0186){ref-type="fig"} and [4](#f4-15-cs-0186){ref-type="fig"}) or artery[@b8-15-cs-0186] ([Figure 5](#f5-15-cs-0186){ref-type="fig"}) was performed.

The data were analyzed using Student's *t*--tests and Fisher exact tests as appropriate, with statistical significance defined at *p* \< 0.05.

RESULTS
=======

During the study period, 156 laparoscopic nephrectomies were performed, including 67 HALDN and 89 PLLDN. [Table 1](#t1-15-cs-0186){ref-type="table"} shows the patient demographics and surgical outcomes in the HALDN and PLLDN groups.

Indications for right kidney harvesting included: multiple left renal vessels (n=37), right renal cyst (n=5), fibromuscular dysplasia of the right renal artery (n=2), early bifurcation of the left renal artery (n=2), right ureterocele (n=1), right renal ptosis (n=1), right-sided ureteropyelic junction stenosis (n=1), right pelvic kidney (n=1) and left ureteral duplicity (n=1). In nine patients, we performed maximization of one of the right renal vessels, including four with maximization of the right renal vein and five with maximization of the right renal artery. All of these maximizations were performed because of early bifurcations of the vessels.

All nephrectomies were completed as scheduled, except for one HALDN (with bleeding) and one PLLDN (with low carbon dioxide during the warm ischemia time) that required conversion to open surgery. The mean (range) kidney warm ischemia time was 3.6 (1.5--8.0) min for the HALDN and 2.5 (1.5--4.5) min for the PLLDN (p\<0.0001). The mean operating time was 83 (45--180) min in the HALDN group and 78.4 (33--130) min in the PLLDN group (p=0.29), and the mean intra-operative bleeding was 130.9 (40--1000) cc in the HALDN group and 98.9 (40--350) cc in the PLLDN group (p=0.08).

Only one patient required blood transfusion during surgery; this person was in the HALDN group. The complications are listed in [Table 2](#t2-15-cs-0186){ref-type="table"}.

The frequency of intra-operative donor complications was 6% in the HALDN group and 4.5% in the PLLDN group ([Table 2](#t2-15-cs-0186){ref-type="table"}). Six major vascular bleedings occurred (three renal veins, two vena cavas, and one renal artery) and all but one were laparoscopically controlled. The only patient that required conversion to open surgery had an intra-operative bleeding of 1000 cc and needed blood transfusion. One gallbladder perforation during a Veress needle placement in the right subcostal area was observed and was laparoscopically managed. One malfunction of the titanium clip placed on the renal artery was observed with the hand-assisted technique. The clip sectioned one part of the artery and a laparoscopic suture was necessary.

The frequency of post-operative donor complications was 7.5% in the HALDN group and 0.6% in the PLLDN group ([Table 2](#t2-15-cs-0186){ref-type="table"}). Two patients who had HALDN required re-operation due to peri-pancreactic fluid collection and a peri-renal hematoma. The patient with peri-pancreactic fluid collection probably developed this complication because of manipulation of the pancreatic fascia during dissection; the patient underwent laparoscopic drainage with a good post-operative course. The other patient had an inguinal hematoma due to femoral bleeding, which is a complication of the angiography, and subsequent coagulopathy because of the use of clotting factors. Although the laparoscopic nephrectomy was performed without difficulty, this patient presented with a peri-renal hematoma on the third postoperative day because of the coagulopathy and required laparoscopic drainage and a red blood cell transfusion. Both cases of prolonged ileus resolved spontaneously after NPO (nothing by mouth) for 4 days and were discharged on the seventh post-operative day.

The length of hospital stay (LOS) was evaluated for the two groups. We found that the PLLDN technique was associated with markedly reduced hospital LOS compared with donors undergoing HALDN (2.8 vs. 1.4; *p*\<0.0001) ([Table 2](#t2-15-cs-0186){ref-type="table"}). Within 24 hours of surgery, 63 patients in the PLLDN group were discharged while none were discharged in the HALDN group.

DISCUSSION
==========

Live donor kidney transplantation is the treatment of choice for end-stage renal failure. Living donors are healthy individuals who take the risk of a major operation to donate one of their kidneys. If a donor's post-operative quality of life in terms of morbidity and mortality could be improved, more people may volunteer for kidney donations[@b3-15-cs-0186]. A major improvement was achieved by the introduction in 1995 of the laparoscopic live donor nephrectomy[@b1-15-cs-0186], which was shown to offer a graft with a quality that was high and similar to that of grafts obtained with open nephrectomy. HALDN is a modification of the laparoscopic technique that may carry a number of theoretical advantages including a greater margin of safety, a shorter learning curve and a potential reduction in operative time and procedure cost[@b18-15-cs-0186]--[@b20-15-cs-0186] while maintaining high graft quality.

Few studies have compared the outcomes of PLLDN and HALDN. The first meta-analysis comparing both techniques[@b3-15-cs-0186] showed that the hand-assisted procedure 1) offered a quicker method of kidney retrieval as reflected by the shorter total operating and warm ischemia times, 2) maintained safety (as evidenced by a similar number of donor complications), 3) offered good renal graft quality as demonstrated by the post-transplant creatinine levels and 4) was associated with lower estimated blood loss, an important parameter to indicate the level of difficulty of the procedure. Explanations for these advantages include a gain in spatial orientation for the surgeon with the hand-assisted method and better bleeding control achieved by direct digital manipulation.

In our experience, the total operating time was shorter with the PLLDN than with HALDN (78.4 vs. 83 minutes), but the difference was not statistically significant (*p*=0.29). Estimated blood loss was also similar in the two groups (98.9 vs. 130.9 cc, *p*=0.08). Warm ischemia time was significantly shorter with PLLDN compared with HALDN (2.5 vs. 3.6 min, *p*\<0.0001). In our opinion, these differences can be attributed to the fact that the PLLDNs were performed after the initial learning curve on HALDNs. Initially, all procedures were performed using hand assistance (from the 1^st^ to the 67^th^ donor). Subsequently, we have been performing nephrectomies only using the pure laparoscopic approach.

Independent of the technique used, donor complications in laparoscopic donor nephrectomies seem to be declining, and the frequency of complications decrease with the increasing experience of the surgeons. In the meta-analysis by Kokkinos et al.[@b3-15-cs-0186], the hand-assisted group had less intra- and post-operative complications than the pure laparoscopic group, but the difference was not statistically significant. Most of the intra-operative complications were vessel injuries (five for the HALDN and five for the PLLDN group). Furthermore, the HALDN group also had one bowel injury, whereas the PLLDN group had three splenic injuries, one diaphragmatic tear, two renal torsions, and two cases of equipment failure (endoscopic vascular stapler failed to divide the renal vein, retrieval bag failed to trap the kidney). Conversion to the open procedure was less frequent with HALDN patients than with PLLDN patients (2.6% vs. 4.1%), but the difference was not statistically significant. In a recent series from the University of Maryland[@b21-15-cs-0186] among 738 laparoscopic donor nephrectomies, 15 major complications were reported, including 13 vascular injuries and two bowel injuries. In the present study, there were no significant differences in intra-operative complications between both groups. We observed four intra-operative complications in the HALDN group, including three vessel injuries (two renal veins and one vena cava) and one malfunction of the titanium clip placed on the renal artery. We observed four intra-operative complications in the PLLDN group (one renal vein, one renal artery, one vena cava, and one gallbladder perforation by the Veress needle). All but one of the vascular injuries were laparoscopically managed. The one patient who needed conversion to open surgery and a blood transfusion due to intra-operative bleeding was in the hand-assisted technique group. In previous studies, the conversion to open surgery from laparoscopic donor nephrectomies was 1.6--13%,[@b14-15-cs-0186],[@b21-15-cs-0186],[@b22-15-cs-0186] but such conversion was required in only two patients (1.3%) in the present study. The other donor that required conversion was treated with the pure laparoscopic approach. Since the carbon dioxide gas finished just during the warm ischemia time, we had to convert to open surgery to retrieve the specimen from the abdominal cavity.

Post-operative complications were more frequent in the HALDN group compared with the PLLDN group (7.5% vs. 0.6%, *p*=0.04). Both cases of prolonged ileus occurred in the HALDN group and resolved spontaneously, but these patients required 7 days of hospitalization. One case of abdominal wall hematoma was observed in each group. Both patients were drained and good post-operative courses. Two patients required re-operation, one for peri-pancreatic fluid collection and the other for a peri-renal hematoma. The procedures were performed by laparoscopy and, after the second procedure, post-operative courses were uneventful.

Velidedeoglu et al.[@b20-15-cs-0186] compared the open, laparoscopic and hand-assisted approaches to live-donor nephrectomy. Their data revealed that both of the minimally invasive techniques could be applied with excellent results and that reductions in donors' LOS were observed due to the accelerated postoperative recovery. In a similar comparison study, El-Galley et al.[@b2-15-cs-0186] observed a post-operative hospitalization of 2±2 days for the laparoscopic techniques and 3±2 days for the open approach (*p*=0.01). In the beginning of surgeons' experience with the laparoscopic techniques, patients were discharged on the third post-operative day. However, after the first 20 patients, probably due to the shortened operative time, the majority of full laparoscopic patients were discharged on the second post-operative day. Kuo et al. reported full laparoscopic nephrectomies with only a 23-hour hospital stay[@b5-15-cs-0186]. Their findings were similar to our experience. After our initial learning curve on HALDN, we were able to discharge 63 patients submitted to PLLDN during the first post-operative day.

CONCLUSION
==========

The experience of the surgeon is an important variable that determines the result of a surgical procedure and should be considered when determining the most appropriate treatment. Based on our data, se suggest that once the surgeons' learning curves are reached, PLLDN seems to have some advantages compared with HALDN in terms of warm ischemia time, time to first oral intake, length of hospital stay, and post-operative donor complications. Future research should be conducted in large, multi-center, randomized controlled trials with defined follow-up periods, taking into consideration the experience of the surgeon, the learning curve of the procedure, and the comorbidity of the patient.

![Hand-assisted live donor nephrectomy using the Lapdisc](15-cs-0186f1){#f1-15-cs-0186}

![Pure laparoscopic live donor nephrectomy using three 10 mm and one 5 mm ports - the kidney was retrieved from the abdominal cavity through a Pfannenstiel incision](15-cs-0186f2){#f2-15-cs-0186}

![Cutting the inferior vena cava to maximize the right renal vein length - maximizing the right renal vein length](15-cs-0186f3){#f3-15-cs-0186}

![Laparoscopic continuous running suture of the vena cava using 4-0 prolene](15-cs-0186f4){#f4-15-cs-0186}

![The double right renal artery (arrow) was dissected up to its origin in the right lateral edge of the aorta - the vena cava and the renal artery were isolated using a tape](15-cs-0186f5){#f5-15-cs-0186}

###### 

Patient characteristics and complications during and after hand-assisted and pure laparoscopic live donor nephrectomy

  Characteristics/complications Mean±SD (range)   HALDN (n=67)             PLLDN (n=89)          p value
  ----------------------------------------------- ------------------------ --------------------- ----------
  Age, years                                      38±9,2                   38,9±10,4             0.57
  Donor sex (M/F)                                 32/35                    44/45                 0.84
  Side (Left/Right)                               43/24                    62/27                 0.47
  Operating time, min                             83±28.8 (45--180)        78.4±25.3 (33--130)   0.29
  Warm ischemia time, min                         3.6±1.4 (1.5--8.0)       2.5±0.8 (1.5--4.5)    \<0.0001
  Estimated blood loss, cc                        130.9±134.7 (40--1000)   98.9±74.8 (40--350)   0.08
  ID complications, n (%)                         4 (6%)                   4 (4.5%)              0.68
  Conversion, n (%)                               1 (1.5%)                 1 (1.1%)              0.84
  First oral intake, hours                        12.5±15.2                9.2±2.8               0.046
  Hospital stay, days                             2.8±1 (2--7)             1.4±0.7 (1--3)        \<0.0001
  PD complications, n (%)                         5 (7.5%)                 1 (0.6%)              0.04

ID = Intraoperative donor; PD = Postoperative donor

###### 

Complications

  Intraoperative complications           HALDN (n=4)          PLLDN (n=4)
  -------------------------------------- -------------------- -------------
  Major vascular injury                                       
   Renal vein                            2 (one conversion)   1
   Vena cava                             1                    1
   Renal artery                          --                   1
  Malfunction of titanium clip           1                    --
  Gallbladder perforation                --                   1
  Postoperative complications            HALDN (n=5)          PLLDN (n=1)
  Surgical site hematoma                 1                    1
  Coagulopathy and peri-renal hematoma   1                    --
  Peripancreatic fluid collection        1                    --
  Ileus                                  2                    --
